The aim this study is to analyse the influence of interfacial interactions in the nano-wear behaviour of polymers. Studies will be focussed on the analysis of the transfer layer induced by the friction of a polystyrene cylinder in contact with a flat and smooth substrate. In order to change the nature of interfacial interactions, two different substrates are used. The first one is a hydrophilic silicon wafer (hydroxylated by a piranha treatment) and the second one is a hydrophobic silicon wafer, obtained by a chemical grafting with a CH 3 terminated silane. Friction experiments are performed with a translation tribometer which measures the tangential force between the polymer and the substrate for controlled normal force and friction rate. The transfer layer is analysed using atomic force microscopy (AFM) and IR spectroscopy (reflection mode) Tentative correlations between transfer layer characteristics and interfacial properties are proposed.
INTRODUCTION
Friction is able to induce wear phenomena, especially for "soft" materials like polymers. The macroscopic consequence of wear is a weight loss, with a possible surface damage (scratch…). However, wear can also appear, at a smaller scale, even if low loads are applied on polymer during friction, even in the case of smooth and flat substrates and even for short friction durations. In these conditions, wear will not be macroscopically detectable, but will be generated by a very thin transfer film, constituted by polymer chains transferred on the opposite substrate. This transfer layer constitutes the first step of wear. Studying and understanding this initial step is of prime importance. The transfer film will indeed generate more complex phenomena leading to the formation of particles or fragments. The initial transfer layer is also able to modify the friction behaviour, especially the friction coefficient (which can be decreased -self-lubricating effect -or increased) and consequently the magnitude of wear. At this scale, interfacial interactions between the polymer and the substrate are able to play a major role in the formation of the initial transfer layer. The objective of this work is to precise the role of interfacial interactions in the wear behaviour of polymers. Studies will be focussed on the analysis of the transfer layer induced by the friction of a polystyrene hemisphere in contact with a flat and smooth substrate. In order to change the nature of interfacial interactions, two different substrates are used. The first one is a silicon wafer (cleaned before use) and the second one is a silicon wafer grafted with an hydrophobic monolayer. Friction experiments are performed with a translation tribometer which measures the tangential force between the polymer hemisphere and the substrate for controlled normal force and friction rate. The transfer layer is analysed using atomic force microscopy (AFM), IR spectroscopy (reflection mode) and wettability. Tentative correlations between transfer layer characteristics (thickness, orientation), friction conditions and interfacial and bulk properties (specially viscoelastic behaviour) are proposed.
MATERIALS AND METHODS
Two polystyrenes, varying by their molecular weight, (purchased from Aldrich) are used. The molecular weights Mw are respectively equal to 181000 and 221000 g/mol for PS A and PS B. Glass transition temperature is equal to 92°C for 
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PS A and 102°C for PS B. Cylinders (diameter = 2mm) are obtained by moulding at 190°C. Model substrates were composed of a hydrophilic silicon wafer on the one hand, and of a hydrophobic grafted wafer on the second hand. The hydrophilic surface is obtained by a treatment with a piranha solution (H 2 SO 4 /H 2 O 2 ). This treatment is aimed to produce a high surface silanol density. The hydrophobic substrate is obtained by grafting a methyl terminated silane (hexadecyltrichlorosilane) on a silicon wafer (previously piranha treated) Mechanical properties and roughness of both substrates are not affected by the grafting reaction. Only the chemical composition of the substrate surface is changed. Friction experiments are performed with a translation tribometer which measures the tangential force between the polymer hemisphere and the substrate for controlled normal force and friction rate. The transfer layer (resulting from a single passage on the substrate) is analysed using atomic force microscopy (AFM), and IR spectroscopy (reflection mode). AFM allows to determine the height of the transfer layer and its topological characteristics. FTIR analysis is used to precise the chemical composition of the transferred layer and also to detect orientation phenomena, using a polarisation modulation device [1] . All data are collected at ambient conditions (20°C). Wettability experiments (contact angle measurements) allow to determine surface energy of both polymers and substrates Results underline the major role of the chemical composition of the substrate surface, with a great decrease of the friction coefficient for the hydrophobic wafer / PS system.. For both systems, the friction coefficient is slightly increased when the speed is increased. This effect could be explained by dissipation phenomena which increase at higher speed, due to the viscoelasticity of poly(styrene) [2] . The effect of normal force is quite negligible. The detection of a transfer layer (PS chains deposited on the wafer surface) is possible by AFM (tapping mode). For the hydrophilic surface, a polymer transfer is detected for a minimum normal force equal to 2.5 N. The mean height of this layer is close to 80 nm for a normal force equal to 2.5 N and a speed equal to 1 mm/min. When the speed is increased to 25 mm/min, the thickness of the transfer layer decreases to 10 nm. A lower transfer (in thickness) is then obtained at high speed. Topological aspect of the transferred layer is also different for both speeds. AFM images (tapping mode) of the transfer indicates that the polymer layer seems to be more "homogeneous" and "smooth" for the higher speed. For the lower speed, the layer is much more rough and "bumpy". The origin of these differences could lie in the interfacial rheological behaviour of the PS sample. A higher speed can induce a partial fluidification of some interfacial chains. This partially "liquid" behaviour is able to explain the lower thickness of the transfer layer at high speed. The hypothesis of a fluidification induced by friction (thermal effect, shear thinning phenomena ?) is confirmed by the influence of the PS molecular weight. When the molecular weight is increased (higher Tg, higher modulus), the critical conditions for the apparition of a transfer layer are increased : transfer is obtained for higher speed or higher normal force for PS B compared to PS A. A time/temperature superposition can then be found. For the hydrophobic wafer (CH 3 grafted), transfer is detected by AFM for a minimum normal force equal to 6 N. Transfer is then possible, even on hydrophobic substrate. However high speed and force are necessary to generate a transfer layer. But the friction force (taking into account the friction coefficient) necessary to obtain a transfer is quite similar for hydrophobic and hydrophilic systems. This result indicates that the critical condition to have transfer is to reach a given friction force, independently of the chemical nature of interface. The interfacial shear level could then be the determinant parameter [3] . However, the shape of the transfer is different on hydrophobic substrate : AFM images show a 'liquid-like' film, with dewetting patterns, induced by the low surface energy of the grafted substrate.
RESULTS AND DISCUSSION

CONCLUSION
This work allows to underline the major effect of interfacial interactions on wear and transfer. One of the objective was also to discriminate the effect of purely mechanical effects from whose induced by physico-chemical effects. Correlation between nano-wear behaviour and viscoelastic properties is possible. The interfacial interactions are also able to directly influence the characteristic and shape of the transfer layer.
